GABAergic mechanisms of heroin-induced brain activation assessed with functional MRI.
Heroin has been hypothesized to activate opiate receptors and inhibit gamma-aminobutyric acid (GABA) release from inhibitory GABAergic interneurons which, in turn, activates dopamine projection cells. Since the distal sites and consequences of this disinhibition are not well understood on a systems level, heroin-induced brain activity was measured using functional MRI (fMRI) in rats. A significant blood oxygen level-dependent (BOLD) signal increase was seen in cortical regions, including prefrontal cortex, cingulate, and olfactory cortex following acute heroin administration. In contrast, a significant signal decrease was seen in several subcortical areas, including the caudate and putamen, nucleus accumbens, thalamus, and hypothalamus. Pretreatment of gamma-vinyl GABA (GVG), an irreversible GABA transaminase inhibitor, significantly attenuated the heroin-induced BOLD signal changes. Pretreatment of naloxone, an opiate mu receptor antagonist, eliminated the heroin-induced BOLD signal changes and posttreatment of naloxone reversed the heroin-induced BOLD signal changes. It is suggested that the heroin-induced negative and positive BOLD changes are due to direct inhibitory and indirect disinhibitory mechanisms of GABAergic activities. Administration of GVG altered these mechanisms and further suggested that involvement of the opiate's pharmacological actions can, at least in part, be mediated by inhibiting brain GABA release.